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FATIGUE UNDER RANDOM AND PROGRAMED LOADS 

By Eugene C. Naumann 
Langley Research Center 

SUMMARY 

jAn investigation has been conducted to determine which combination of 
method of counting and type of load programing best retains the essential 
fatigue-inducing characteristics of a random time history of stress. In an 
earlier investigation several time histories were numerically generated and 
counted by various methods. The data obtained in the earlier investigation 
wereAilsed in this investigation to conduct axial^toad fatigue tests of 
2024-T3 aluminum-alloy sheet_specimens with notched edges. The fatigue life 
obtained from tests using the random peak history was used as a basis of com- 
parison. The elimination of various sized fluctuations, due to the different 
counting methods, had little, if any, effect on fatigue life in tests using a 
random sequence of loads. Tests conducted by using ordered loading produced 
lives greater than the random fatigue life. The value of life in the ordered 
tests varied with the counting method, with statistical properties of the time 
history, and probably with the assumptions made in reducing the data to block 
form. / 
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INTRODUCTION 

The aircraft designer is well aware of the structural fatigue problems 
present in current aircraft. In order to offset the lack of adequate analyt- 
ical design methods, common practice now is to evaluate new designs by con- 
ducting full-scale evaluation fatigue tests on prototype vehicles. If the 
random-load time histories encountered in service could be duplicated in a 
laboratory, the estimate of fatigue life from such a test would undoubtedly be 
considered reliable. However, existing fatigue-testing equipment is generally 
limited to applying simple cyclic loads. Thus, the designer must estimate 
service life from full-scale tests which use simplified test techniques. 

Several counting methods have been devised to reduce a random-load history 
to numerical form. These counting methods produce several different sets of 
load statistics that can be used to program fatigue tests which simulate, with 
varying degrees of complexity, a random-load history. The purpose of this 
Investigation is to determine whether fatigue tests, based on the load statis- 
tics obtained from the various counting methods, adequately retain the sig- 
nificant fatigue-inducing characteristics of a random-load history. 



Four generated time histories were used in this investigation. Three of 
the time histories were taken from reference 1, and the fourth one, which had 
a bimodal power spectrum, was added to increase the scope of power spectra 
represented. The load statistics obtained from the various combinations of 
load history, counting method, and method of load-frequency-distribution simu- 
lation were used to conduct axial-load fatigue tests on 202*l~T3 aluminum-alloy 
edge-notched sheet specimens with a theoretical elastic-stress concentration 
factor of four. Fatigue-life comparisons were made for each peak history. 

The units used for the physical quantities defined in this paper are 
given both in the U.S. Customary Units and in the International System of 
Units (SI). Factors relating the two systems are given in reference 2. 

TEST PROCEDURES 

Test procedures include all the necessary preparation prior to conducting 
the fatigue tests. These preparations include the following:  (l) preparation 
of the specimen;. (2) a device for testing the specimen; (3) load statistics; 
and (k)  load programs. 

Specimens 

The edge-notched specimen configuration (fig. l) used in this investiga- 
tion had a theoretical elastic-stress concentration factor of four. Material 

for specimens was part of a stock of 
commercial 0.090-inch (2.28 mm) thick 
202ij—T3 aluminum alloy retained at the 
Langley Research Center for fatigue 
tests.  Selected tensile properties for 
this material are given in table I. 
(See ref. 3«) 

17.500" 
(44.4 cm) 

8.750" 
(22.2 cm) 

-I   k- 
0.058" RAD. (.147 cm) 

1.500" 
(3.81 cm) 

K2.250" 
(5.72 cm) 

Figure 1.- Specimen configuration. 

A specimen-numbering system, which 
identifies the specimen as to material, 
sheet number, and location within the 
sheet, has been established. For 
example, specimen A93N2-7 is 202i)--T3 
material A and was taken from W2 posi- 
tion of sheet 93. The 7 indicates the 
position within the material blank 
(A93N2) from which the specimen blank 
was taken.  (See ref. k.) 

Specimen dimensions are shown in 
figure 1. The rolled surfaces were not 
modified and the longitudinal surfaces 
were machined and notched in both edges. 
The notches were formed by drilling 



holes to form the notch radii. Residual machining stresses were minimized by- 
first drilling with a small drill and then gradually increasing drill sizes 
(increment in diameter = 0.003 inch (O.O76 mm)) until the proper radius was 
obtained. Specimens were drilled in stacks of 10. For consistency, drills 
were not used more than four times before being resharpened or replaced. The 
notches were completed by slotting with a 3/32-inch (2.k  mm) milling tool. 

Burrs left in the machining process were removed by holding the specimen 
lightly against a rotating cone of 00 grade steel wool. All specimens were 
inspected and only those free of surface blemishes in and near the notch were 
tested. 

Machines 

Three servohydraulic machines were used in this investigation. A typical 
block diagram of one of the machines is shown in figure 2. The loading frame 
had a nominal capacity of ±20,000 pounds (±89.0 KN) in axial load. Cycle 
rates, which depended on the load range, reached 7 cps (7 Hz). The important 
features of this programed load-fatigue machine are:  (l) 55 discrete load 
levels, each identified by its own code, can be preset to any value between 
zero and full scale; and (2) any type of load history defined by as many as 
55 discrete load levels can be programed in any arbitrary sequence by using 
punched cards. 

A detailed description of the machine is presented in reference 5. Basi- 
cally, the machine is a closed-loop servo-controlled hydraulic machine which 
incorporates a rather sophisticated electrical network for load selecting and 
checking. 

Loads are monitored by either a galvanometer recorder or a null-indicating 
a-c bridge. The recorder is used to scan for extraneous loads, whereas the 
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Figure 2.- Block diagram of programed axial-load fatigue 
machine. 



a-c bridge is used to measure static loads and to check system damping. The 
whole system is calibrated periodically and the static-load indication is 
repeatable to 0.1 percent of full scale. Error in true load is less than 
0.2 percent of full scale. 

Load Statistics 

In reference 1, a method is described for digitally generating a random 
time history independent of time. This time history was passed through numer- 
ical filters which had arbitrary shapes; thus, the resulting time histories 
had specified power spectral characteristics. Each of the power spectra had 
a common value for the area under the curve. (The standard deviation for each 
power spectrum was 1.) 

Four time histories were used in this investigation:  (l) white noise 
(time history A); (2) atmospheric turbulence (time history B); (3) single 
degree of freedom (time history C); and (k)  a bimodal power spectrum (time 
history D). Time histories A, B, and C were random histories generated and 
analyzed in reference 1, and time history D was generated by the method 
described in this reference. The shape of the power spectrum for each of the 
time histories is shown in figure 3- 

The time histories were converted to peak histories by omitting the num- 
bers which did not define a peak (either positive or negative). This conver- 
sion, which was justified on the assumption that fatigue is more nearly cycle 

dependent than time dependent, com- 
pressed the time scale so that the 
power spectra of the modified his- 
tories would be expected to approach 

Time history A    i^  Time history B    the shape of the spectrum shown for 

time history C.  (See fig. 3.) The 
actual shapes, however, were not 
investigated in this study. 

_i \ 1 1 1 

Time   history   C Time   history   D 

Frequency Frequency 

Figure }.- Schematic representation of 
power spectra for four time his- 
tories. (Histories A, B, and C 
from ref. 1.) 

The peak histories were reduced 
to sets of statistics which were 
based on several methods of counting 
the peak history. In addition, 
several methods of representing the 
results of the counts were used.  In 
order to facilitate counting the 
peak history, the generated numbers 
were scaled so that all numbers fell 
between -5.O and 5*0 on an arbi- 
trary scale. The smallest fluctua- 
tion counted as a cycle had a range 
of 0.2 on the arbitrary scale. An 
amplitude is defined as one-half 
the algebraic difference of two 
adjacent peaks, and a mean is 
defined as one-half the algebraic 



sum of two adjacent peaks. A positive ampli- 
tude has a positive slope when it crosses its 
associated mean. In reference 1 a statistical 
check was made to verify that the negative and 
positive distributions of events were the same; 
therefore, only the positive distributions are 
considered herein. 

A detailed description of each counting 
method used is presented in reference 6. A 
title and brief description of the counting 
methods follows: 

Means and amplitudes.- In the means and 
amplitudes counting method (fig. 4(a)), each 
peak-to-peak fluctuation is defined by a mean 
and an amplitude, and, considering the entire 
time history, it is apparent that each mean 
value would have a distribution of amplitudes. 
(See ref. 6.) Thus, the results of this 
counting method can be used to develop several 
different distributions for test purposes. 
(See discussion of loading programs.) 

Means and amplitudes eliminating small 
fluctuations.- The means and amplitudes elim- 
inating small fluctuations counting method 
(fig. 4(b)) is the same as the means and 
amplitudes counting method except that only the 
peak-to-peak fluctuations which exceed 0.4 on 
the arbitrary scale are counted. 

Maximum peaks between zero crossings.- In 
the maximum peaks between zero crossings 
counting method (fig. 4(c)), only the amplitude 
of the highest peak between successive 
crossings of the zero reference axis is counted. 

Level crossings.- The level crossings 
counting method (fig. 4(d)) counts the number 
of times the time history crosses a given level 
with positive slope. The number of peaks 
occurring in the interval between two adjacent 
levels, which is not necessarily the true num- 
ber of peaks in the interval, is obtained by 
subtracting the respective number of crossings 
at each of these levels. (See appendix B of 
reference 6.) 

Level crossings eliminating small 
fluctuations.- The level crossings eliminating 

MEAN = mn     ln = l23 
AMPLITUDE = 1/2 *      ' ' r ln = l,2,i rnJ 

(a) Means and amplitudes. 

rn < 0.4 ELIMINATED n= 1,2,3. 
AMPLITUDE = 1/2 rn 

(b) Means and amplitudes elim- 
inating small fluctuations. 

Y(t)4 

OZERO CROSSINGS 
• MAXIMUM PEAK BETWEEN 

ZERO CROSSINGS 

(c) Maximum peaks between zero 
crossings. 

Figure k.- Schematic representa- 
tion of counting methods 
(from ref.   6). 



o LEVEL CROSSING 
COUNTED 

(d) Level crossings. 

small fluctuations counting method 
(fig. U(e)) is the same as the level 
crossings counting method except that the 
trace (with a negative slope) must cross 
a level a specified value lower than a 
given level before the higher level can 
be counted the next time the trace (with 
a positive slope) crosses. The specified 
value for this counting method was O.k  on 
the arbitrary scale. 

load. 

Load Programs 

The data obtained by the various 
counting methods were used to program 
variable-amplitude fatigue tests. The 
following numerical relations were used 
to convert the distribution of peaks from 
the arbitrary scale (-5 to 5 in 0.2 inter- 
vals) to a load or stress scale:  (l) on 
the arbitrary scale, 0 corresponded to a 
mean stress of IJ.k  ksi (120.1 MN/m2) on 
the specimen, and (2) on the arbitrary 
scale, 5 corresponded to the stress equal 
to the stress at design limit load 
I4-3.5 ksi (300.1 MN/m2). One exception 
was made to assumption (2), in that for 
one series of tests, k  on the arbitrary 
_scale was made equal to the design limit 

For these tests peak values above k  were applied at k. 

COUNTS LEVEL CROSSING (o) 
WHEN TIME HISTORY CROSSES 
LEVEL (•) A DISTANCE A BELOW 
THE ORIGINAL LEVEL 

(e) Level crossings eliminating 
small fluctuations. 

Figure k.-  Concluded. 

Load programs were developed in accordance with three types of load pro- 
graming:  random cycle, constant-mean-block, and varied-mean-block. These load 
programs are as follows: 

Random tests.- Each of the random programs used 50 load levels, the 
sequence of load levels being retained from the analysis of the filtered time 
history. The 50 load levels corresponded to the upper limits of each of the 
50 increments in the arbitrary scale. The distribution of positive peaks 
occurring in the positive range of the arbitrary scale for each filtered peak 
history and random test program is presented in table 11(a). Complete descrip- 
tions of means and amplitudes for time histories A, B, and C are given in refer- 
ence 1, whereas time history D is presented in table III. 

Program 1:  In program 1 the peaks were programed in accordance with the 
filtered time history. The life obtained using this load program was assumed 
to be the service life and was used as the basis of comparison for the lives 
obtained from tests using other load programs. 

Program 2:  In program 2 only the maximum peaks between zero crossings 
were applied. 



Program 3: Program 3 used the peak values defined by the means and ampli- 
tudes eliminating small fluctuations counting method. 

Constant-mean block tests.- The results of a given counting method were 
converted to the cumulative frequency distribution of stress. The distribution 
was divided into eight equal stress bands representing the positive peak dis- 
tribution. For programs with design limit load equal to 5, each peak stress 
band was represented by a peak stress equal to the midstress of the band. For 
programs with design limit load equal to k,  the representative stresses were 
determined by a numerical integration process (similar to that employed in 
ref. 7). The number of cycles per block was arbitrarily taken to be approxi- 
mately 1+000 for programs with design limit load (DLL) equal to 5. For programs 
with DLL = k,  the number of cycles per block was selected so as to make the 
summation of cycle ratios approximately equal to 0.1 per block. Block sizes 
would then vary from 2000 to 6000. 

For all block tests, each positive half cycle was followed by an equal 
negative half cycle. A positive half cycle is defined to be a stress excursion 
having a peak value algebraically larger than the mean to which it is refer- 
enced. Within each block, each load level occurred once and all cycles at that 
level were applied sequentially before proceeding to the next load level. 
Within each block, the sequence of load levels was made random in accordance 
with a schedule taken from a table of random numbers. A different randomiza- 
tion was used for each of the first 20 blocks, after which the random blocks 
were repeated starting with the first block. 

The following load programs were developed for constant-mean block tests; 
the distributions used for each combination of program and peak history are 
given in table Il(b). 

Program k:    Program k  used the cumulative frequency distribution obtained 
from the maximum peaks between zero crossings counting method; and had the same 
average distribution of positive peaks as program 2. 

Program 5: The cumulative frequency distribution of positive peaks 
occurring in the positive range of the arbitrary scale was used in program 5. 
This distribution was derived from the statistics obtained in the means and 
amplitudes counting method. For this program, each peak was preceded and suc- 
ceeded by a zero crossing. 

Program 6: Program 6 .used only the amplitudes from the means and ampli- 
tudes counting method. All amplitudes were applied as though they had occurred 
about the zero reference line of the arbitrary scale. 

Program 7: Program 7 used the cumulative frequency distribution obtained 
from the level crossings counting method. 

Program 8: Program 8 used the cumulative frequency distribution obtained 
from the level crossings eliminating small fluctuations counting method. 

Varied-mean block tests.- The same general guide lines used for the 
constant-mean block tests were used for load programs in which the mean was 



varied. The same eight levels were used to represent the range of stress, but 
instead of grouping all the means at the zero reference, three positive and 
three negative means were added. Therefore, seven distributions of positive 
peaks relative to the seven means were obtained, and each distribution was 
represented by 3, 5, 7, or 8 stress amplitudes. In order to facilitate pro- 
graming, the means were selected at stress-band boundaries. Therefore, by using 
the half-band value as the representative stress, the same load levels used in 
the constant-mean block tests were used in these tests. With this approach 
there are 38 possible combinations of means and amplitudes available. As in 
the constant-mean block tests, each combination of mean and amplitude was pro- 
gramed once each block and all cycles for that combination were applied sequen- 
tially. The first 20 blocks each had a different random sequence of load levels 
and these random blocks were repeated starting with the first block. 

The following load programs were developed for varied-mean block testsj 
the distributions used for each combination of peak history and counting method 
are given in table Il(c). 

Program 9:  Program 9 used cumulative frequency distributions obtained 
from the means and amplitudes counting method. 

Program 10:  Program 10 used cumulative frequency distributions obtained 
from the means and amplitudes eliminating small fluctuations counting method. 

RESULTS 

The results of variable-amplitude fatigue tests of 202k-13  aluminum-alloy 
specimens are presented in table IV and figure 5. In figure 5, the symbols 
represent the geometric mean of six tests conducted with the same load program. 

The scatter in the test data for a given load program seldom exceeded 1- to 1, 
3 

a trend which is in agreement with other variable-amplitude fatigue tests con- 
ducted at the NASA Langley Research Center.  (See refs. 5, 7, 8, and 9.) 

For a basis of comparison the fatigue life obtained in program 1 was 
assumed to be service life. It would not be realistic to compare either the 
peak histories or the various counting methods for a given peak history by com- 
paring the number of cycles to failure, because each peak history and counting 
method eliminated various numbers of the cycles from the original time history. 
Therefore, the basis of comparison selected was the amount (or time) of the 
filtered time history traversed before failure, for each combination of peak 
history and counting method. The basis for this conversion of cycles to time 
was arbitrarily selected as the number of peaks occurring in 5000 numbers in the 
filtered time history. It should be noted that in the original time history 
each generated random number was assumed to be a point equally spaced timewise 
from adjacent points, and that positive and negative peak distributions were 
symmetrical.  (See ref. 1.) The equivalent life for each test condition, in 
increments of the time for the filtered time history, is equal to the total num- 
ber of cycles to failure divided by the average total number of peaks per 

8 
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Figure 5.- Results of variable-amplitude fatigue tests. Symbols 
represent geometric mean life of six tests. 

5000 numbers in the filtered time history. The ability of any counting method 
(for a given peak history) to retain the fatigue-inducing characteristics of 
the peak history is evaluated by comparing the number of increments of the time 
history survived with the service life. 

Table V presents a summary of the data obtained in this investigation. 
The geometric mean lives, the average number of cycles per 5000 numbers, the 
equivalent length of time history survived, and the normalized life for each 
combination of peak history and counting method used are presented in this 
table. The normalized lives for each peak history are shown in figure 6. Each 
symbol represents the geometric mean of six tests conducted with the same load 
program. 

DISCUSSION OF RESULTS 

The schematic representation of the results of the variable-amplitude 
fatigue tests shown in figure 5 illustrates the very small variation in mean 
life obtained in these tests (except shaded points) regardless of peak history 
or counting method used. As can be seen, more than 90 percent of the mean lives 
fall within the range 75,000 to 150,000 cycles. 

The shaded symbols in figures 5 and 6 are data points obtained in tests 
with a design limit load of 4.0 on the arbitrary scale. It was found that this 
method produced load distributions which resulted in very short fatigue lives, 
and thus tended to minimize any systematic influences which might have been 
present. It should be noted, however, that the trends obtained in these tests 
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Figure 6.- Results of variable-amplitude fatigue tests. Sym- 
bols represent geometric mean of normalized life of six 
tests. 

are the same with respect to the load programs as those obtained in the tests 
with a design limit load of 5.0 on the arbitrary scale. 

A comparison of the peak values obtained from each peak history for the 
same counting method reveals cumulative frequency distributions which are essen- 
tially the same. Figure 7 shows the distributions:  (l) the maximum peaks 
obtained for the means and amplitudes counting method; (2) the maximum peaks 
obtained for the maximum peaks between zero crossings counting method; and (3) 
the maximum peaks obtained for the level crossings counting method. Although 
statistical tests may indicate that these distributions are significantly dif- 
ferent, their use resulted in approximately the same fatigue life. 

Random Tests 

The values of normalized life for each of the data points for random test 
programs 2 and 3 are found to be very closely grouped around a value of 1.0. 
(See table V and fig. 6.) The average value of normalized life for the maximum 
peaks between zero crossings counting method (program 2) was slightly higher 
than 1.0. This result seems reasonable because large amplitude cycles can be 
eliminated by this counting method, and fatigue life is thus increased. The 
average value of normalized life for the means and amplitudes eliminating small 
fluctuations counting method (program 3) was slightly less than 1. If these 
differences are real, they may be due to omitted cycles in program 2 and 
increased cycle amplitudes in program 3 due to the elimination of small fluctua- 
tions. Fatigue tests conducted with programs 2 or 3 would appear to provide an 
adequate estimate of fatigue life. 

10 
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Figure 7-- Peak stress distributions of time histories tested for 
three counting methods. 
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Constant-Mean Block Tests 

In the following discussion of the results of constant-mean block tests, 
some of the characteristics of block tests, in general, should be recalled. 
Among the characteristics which may influence the lives obtained in this inves- 
tigation are:  (l) block tests, in general, have longer lives than random tests 
(ref. 5)j (2) the number of cycles per block (block size) may in some cases 
influence fatigue life (refs. 7 and 8); and (3) the assumptions made in devel- 
oping the various counting methods automatically eliminate all mean stresses 
other than the reference mean stress, and thus reduce the strong influence of 
mean stress on fatigue life. 

The effect on fatigue life of items (l) and (2)' is discussed in some 
detail in the cited references and will not be reiterated here. The importance 
of item (3) will be noted in particular in subsequent discussions of the data 
obtained in this investigation and therefore requires additional comment. In 
reference 1, an analysis of the probability of equaling or exceeding a given 
value of a mean is presented. Figure 8 (data from ref. l) shows the probabil- 
ity distributions for the peak histories used in this investigation. In fig- 
ure 8, the slope of the curve is a measure of the dispersion of individual 
means about the reference mean.  Therefore, when a given counting method com- 
pressed all means to the reference mean, the effect on fatigue life will be 
greatest for the peak history with the greatest dispersion of mean stresses. 

The average value of the normalized life for constant-mean block tests 
using load programs k,   5> 1>   and 8 are greater than 1.0.  (See table V and 

fig. 6.) Each group of data for a given 
counting method would be expected to be 
ordered according to increasing mean stress 
dispersion of the peak histories. This trend 
is present to some degree but is not com- 
pletely established. 

99.99 

99.9 

o 

•o 
0) 

o 

0 
.a 
o 
a. 

Figure 8.- Representation of 
mean stress dispersion for 
three time histories. 

The results of tests using load pro- 
gram 6 show a very decided increase in life 
over the reference life (program l). The 
primary reason for this increase appears to 
be the suppression of mean stress dispersion, 
which reduced the peak stress values for each 
peak history and thus produced a net increase 
in fatigue life. These results agree quali- 
tatively with those reported in reference 10. 

From the foregoing discussion it appears 
reasonable to expect that the use of constant- 
mean block tests generally will produce nor- 
malized lives greater than 1.0. The value of 
normalized life will vary with the counting 
method, with statistical properties of the 
time history, and probably with the assump- 
tions made in reducing the data to block 
form. 
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Varied-Mean Block Tests 

The results of the varied-mean block tests (table V and fig. 6) show that 
a wide range of values of normalized life are obtained. The data do not indi- 
cate a consistent trend. However, it should be noted that the effects due to 
techniques associated with block tests using multiple means have not been 
fully.investigated. The variations in the results cannot be explained. It 
does not appear that this type of load programing provides a consistent esti- 
mate of fatigue life. 

CONCLUDING REMARKS 

, —- . 

[Fatigue tests were conducted by using the peak values from four random 
peak histories, each having a different power spectrum. The peak values were 
assigned arbitrary stress values and were applied to edge-notched sheet speci- 
mens of 2D2k~T3 aluminum alloy. Companion fatigue tests were conducted by 
using the results of several counting methods and employing three testing tech- 
niques:  (l) retention of original sequence, (2) application in a block 
sequence with constant mean stress, and (3) application in blocks with varied 
mean stress. The results were compared to determine the combination of 
counting method and testing technique which retained the essential fatigue- 
inducing characteristics of a generated random time history. 

The tests using random peak histories resulted in essentially equal 
fatigue lives for all four power spectra. Although the power spectra of the 
four time histories were quite different, the peak.stress distributions were 
very similar. 

The tests which used random sequences modified according to several 
counting procedures resulted in fatigue lives equivalent to those obtained 
before counting. Apparently, lives were not affected by the fact that the 
counting procedures systematically eliminated certain fluctuations in the time 
history. 

The constant-mean block tests resulted in fatigue lives generally greater 
than those for the peak histories. Suppression of mean stress dispersion, 
which is inherent in block tests, is probably the most important factor/respon- 
sible for this behavior. In addition, earlier tests have shown that bl'ock 
tests produced longer lives than random tests if the same stress-frequency 
distribution is used. The degree of variation is dependent upon both counting 
method and statistical properties of the time history. 

Varied-mean block tests produced widely dispersed lives which were not 
amenable to reasonable interpretation. I / I 
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The results of this investigation indicate that additional experimental 
and analytical work is necessary to determine the basic fatigue-inducing char- 
acteristics of a given time history. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., October 26, 1964. 
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TABLE I.- TENSILE PROPERTIES OF MATERIAL TESTED 

FBata from reference 5;   2021+-T3 (1^7 tests)] 

Property 

Yield stress (0.2$ offset), 
ksi ....   
MN/m2  

Ultimate tensile strength, 
ksi  
MN/m2    

Total elongation (2 in.   (5«08 cm) 
gage length),  percent     

Average 

52.05 
358.6 

72.11+ 
1+97-0 

21.6 

Minimum 

1+6.88 
323.0 

70.27 
kQk. 2 

15.0 

Maximum 

59.28 
1+08.1+ 

73-^ 
506.O 

25.O 
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TABLE II.- LOAD PROGRAMS USED FOR VARIABLE-AMPLITUDE FATIGUE TESTS 

OF 202l*-T3 ALUMINUM-ALLOY SPECIMENS - Continued 

(b) Constant-mean block tests 

Stre 'SS Relative frequency of occurrence of positive peaks per 
Load 
level 

amplitude 5000 filtered numbers 

ksi MK/m2 Program 1* Program 5 Program 6 Program 7 Program 8 

Peak history A (DLL = = 4.0) 

1 2.1+0 16.6 517 595 1705 310 93 
2 5.1*0 37-3 579 730 211*8 61*7 562 
3 8.1*0 58.O 522 6l2 1575 521 51*1* 
1* 11.50 79.^ 367 359 678 367 367 
5 1^.70 101.1* 182 175 165 181 181 
6 17.80 122.8 66.5 64.5 26.5 66.5 66.5 
7 20.95 11*1*. 6 15.5 15.5 1.8 15.5 15.5 
8 2l*.00 165.6 2.25 2.25 .1 2.25 2.25 

2251.25 2553.25 6299.1* 2110.25 1831.25 

Peak h I story A (DLL = = 5.0) 

l I.63 11.3 108l 931* 1365 521* 763 
2 k.&9 33-7 1287 11*75 1651 ll*90 1505 
3 8.16 56.3 1009 1027 803 1280 Hl8 
l* 11.1*2 78.8 1*83 ^39 178 51*7 1*78 

5 11*. 68 101.3 13I* 120 18.5 150 131 
6 17.9^ 123.8 19.67 18 • 5 22.5 19.6 
7 21.21 li*6.i* 1.50 1.2 0 1.5 1.3 
8 21*. 1*7 168.8 .33 

1*015.5 l*01l*. 5 
0 .1* 

1+015.1* 1*016.2 1*016.0 

Peak history B 

1 1.63 11.3 1372 1515 2000 800 1*00 
2 i*.89 33-7 1221* 1339 131*0 ll*00 11*00 
3 8.16 56.3 823 715 520 1090 1320 
1* 11.1*2 78.8 1*56 330 127 530 650 
5 ll*.68 101.3 112 83 12-5 155 200 
6 17.91* 123.8 20 ll* .1* 23 27.5 
7 21.21 11*6.1* 2.5 1.5 .1 2 2.2 
8 21*.1*7 168.8 0 0 0 0 .2 

3999.9 1*009.5 3997-5 1*000.0 1*000.0 

] 
3eak history C 

1 I.63 11.3 1022 1171 1000 800 1000 
2 1*.89 33.7 ll*77 11*25 11*00 1500 1000 
3 8.16 56.3 956 888 1100 1070 1260 
1* 11.1*2 78.8 1*01 386 1*00 1*65 550 
5 ll*.68 101.3 135 108 88 139 163 
6 17.91* 123.8 11 17 11.3 21* 21*.3 
7 21.21 ll*6.i* 2 1-5 .6 2 2.5 
8 21*. 1*7 168.8 0 0 .1 

1*000.0 
0 .1 

i*ooi*.o 3996.5 1*000.0 3999-9 
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TABLE II.- LOAD PROGRAMS USED FOR VARIABLE-AMPLITUDE FATIGUE TESTS OF 

2024-T3 ALUMINUM-ALLOY SPECIMENS - Concluded 

(c) Varied-mean block tests 

Relative frequency of occurrence at positive peaks 

Mean stress Stress per 5000 filtered numbers 
Load amplitude 
level Peak history A Peak history B Peak history C 

ksi MN/m2 ksi MN/m2 Program 9 Program 10 Program 9 Program 10 Program 9 Program 10 

1.09 7.52 1 I.63 II.3 2 0.2 29 10 0 0 
2 4.89 33-7 1.4 1 8.5 7-5 0 0 

3 8.16 56.3 1.2 .8 2.2 1.5 0 0 

7.6l 52.51 1 1.63 11.3 40 6 220 120 8 1 
2 4.89 33-7 43 26 130 115 5.6 3 
3 8.16 56.3 49 40 41 59 3-4 4.2 
1+ 11.42 78.8 14 15 7.8 14.8 1.8 1.7 
5 14.68 101.3 4 4 1.1 1.1 .2 .1 

14.14 97-57 1 I.63 11.3 274 114 450 300 190 115 
2 4.89 33-7 325 308 300 400 260 260 
3 8.16 56.3 236 250 117 182 182 220 
1+ 11.42 78.8 114 119 29.2 51 73 82 
5 14.68 101.3 27 30 3-7 6.3 16.3 16.2 
6 17.94 123.8 4 5 .1 .2 1.4 1.3 
7 21.21 146.4 • 25 .25 0 0 • 3 • 3 

17.4 120.06 1 I.63 11.3 188 114 600 400 700 500 
2 4.89 33-7 256 200 44 640 890 1100 
3 8.16 56.3 214 225 168 311 610 660 
4 11.42 78.8 85 90 37-5 90 235 273 
"5 14.68 101.3 22 23 4.2 9 57 59 
6 17.94 123.8 4 4 • 3 .2 7-7 7-6 
7 21.21 146.4 • 3 •5 0 0 • 3 •3 
8 24.47 168.8 0 0 0 0 0 .1 

20.66 142.55 1 I.63 11.3 370 114 460 300 200 100 
2 4.89 33-7 325 296 310 410 270 250 

3 8.16 56.3 251 262 118 203 I85 250 
4 11.42 78.8 104 118 29 60 77 80 

5 14.68 101.3 27.9 31 3 6.5 16 18 
6 17.94 123.8 4-5 4.5 .1 0 1.7 1.7 
7 21.21 146.4 •3 •3 0 0 .2 .2 

27.19 I87.6I 1 I.63 11-3 43 15 285 110 7 1 
2 4.89 33-7 46 31 72 116 5 32 
3 8.16 56.3 37 32 34 57 4.5 4.6 
4 11.42 78.8 16 16 8.1 15.5 1.9 2.4 

5 14.68 101.3 3 3 .8 1-5 • 5 • 7 

33.71 232.60 1 I.63 11.3 1.2 •5 35 9 0 0 
2 4.89 33-7 1.4 •5 9 8 0 0 
3 8.16   56.3 .4 ■ 5 1.2 1 0 0 
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TABLE IV.- RESULTS OF VARIABLE-AMPLITUDE FATIGUE TESTS OF 

2021+-T3 ALUMINUM-ALLOY SPECIMENS 

(a) Peak history A (design limit-load = k.O  on scale) 

Program Specimen Cycles Program Specimen Cycles 

1 A33N2-2 36,015 2 A85N2-2 31,01+5 
A86N2-3 36,015 A37N2-7 26,670 
A85N2-3 33,215 A30N2-8 25,025 
A79N2-5 32,305 A30N2-6 21+, 710 
AÖ7N2-10 28,21+5 A85N2-5 23,9^0 
A3*+N2-2 28, 070 A37N2-8 23,695 

Geometric mean 32,11+0 Geometric mean 25,760 

3 A79N2-10 30,555 k A78N2-1 31,272 
A83N2-3 29,225 A87N2-6 29,089 
A81+N2-6 27,125 A86N2-5 29,055 
A86N2-1+ 23,975 A79N2-8 27, 01+9 
A37N2-9 22,085 A28N2-2 27,109 
A30N2-2 21, 070 A83N2-9 23,668 

Geometric mean 25, 1+10 Geometric mean 28,800 

5 A87N2-1 35,536 6 A85N2-7 119,828 
A79N2-9 33,019 A82N2-7 119,793 
A79N2-6 32,981+ A80N2-7 101,631 
A86N2-9 29,310 A30N2-1+ 101,631 
A30N2-9 26,757 A31+N2-10 88,366 
A30N2-7 26,197 A86N2-6 88,191 

Geometric mean 30,1+00 Geometric mean 102,500 

7 A37N2-10 30,593 8 A81+N2-10 2l+, 220 
A30N2-3 29,323 A78N2-2 23,585 
A82N2-6 2k, 298 A28N2-8 23,375 
A34N2-5 2l+,l58 A81+N2-2 15,925 
A82N2-1+ 2l+,123 A82N2-8 21,121+ 
A81+N2-5 2l+,123 A28N2-9 21,12l+ 

Geometric mean 26,000 Geometric mean 21,350 
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TABLE IV.- RESULTS OF VARIABLE-AMPLITUDE FATIGUE TESTS OF 

2024-T3 ALUMINUM-ALLOY SPECIMENS - Continued 

(b) Peak history A (design limit-load = 5.0 on scale) 

Program Specimen Cycles Program Specimen Cycles 

1 A82N2-1 98,055 2 A80W2-4 92,085 
A82N2-2 94,710 A78N2-9 79,170 
A84N2-4 94,710 A78N2-10 73,990 
A81N2-10 91,560 A84N2-7 72,905 
A79N2-4 89,250 A80N2-9 70,245 
A87N2-2 87,64o A84N2-3 66,710 

Geometric mean 92,580 Geometric mean 75,470 

3 A32N2-3 91,945 4 A87N2-5 99,767 
A81N2-7 89,600 A81N2-8 91,351 
A78N2-6 80,325 A82W2-10 88,376 
A37W2-3 7^,585 AL10N2-10 83,180 
A83N2-10 73,920 A87N2-8 81,605 
A84N2-8 68,775 A85N2-8 76,399 

Geometric mean 79,430 Geometric mean 86,460 

5 A83W2-7 88,553 6 A106N2-4 248,654 
A79N2-1 85,669 AL06N2-7 237,959 
A10ÖN2-3 77,641 A98W2-8 224,931 
A85N2-4 74,326 AL07N2-10 212,822 
A105W2-9 74,326 A98N2-10 177,439 
A87N2-4 72,646 AL07W2-7 177,369 

Geometric mean 78,610 Geometric mean 211,300 

7 A98N2-7 88,591 8 AL0ÖN2-2 84,892 
AL06N2-10 82,004 A79N2-3 76,493 
AL05N2-7 76,379 AL07N2-9 66,493 
A106N2-9 74,462 A105N2-6 64,953 
A107N2-8 63,148 A105N2-8 62,407 
A98N2-9 60,243 A85N2-6 62,372 

Geometric mean 73,430 Geometric mean 69,100 

9 A109N2-2 71,330 10 A116N2-4 55,265 
A110N2-7 60,235 A100N2-5 49,490 
A108N2-1 58,415 AL08N2-3 49,490 
A108N2-2 56,105 A116N2-3 49,175 
AL10W2-9 52,710 A116N2-5 49,175 
A93N2-6 51,415 A101N2-4 44,555 

Geometric mean 58,020 Geometric mean 49,430 
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TABLE IV.- RESULTS OF VARIABLE-AMPLITUDE FATIGUE TESTS OF 

2024-T3 ALUMIMJM-ALLOY SPECIMENS - Continued 

(c) Peak history B 

Program Specimen Cycles Program Specimen Cycles 

1 A91N2-5 173,215 2 A105W2-4 92,575 
A113N2-10 161,175 A112N2-6 92,575 
A111W2-10 151,900 A90W2-9 78,120 
A17W2-9 143,115 A97N2-7 77,420 
A104N2-7 lij-1,890 A103N2-9 77,105 
A102N2-7 l40, 245 A105W2-2 75,705 

Geometric mean 151^40 Geometric mean 81,935 

3 A112N2-8 119,280 4 A90N2-1 136,570 
A92N2-7 104,440 A117N2-6 126,070 
A103N2-3 100,765 A9ÖN2-2 122, 220 
A103N2-2 99,540 A95W2-9 115,500 
A91N2-2 93,975 A94W2-7 114,135 
A103N2-4 79,520 A109W2-8 112,700 

Geometric mean 98,850 Geometric mean 120,900 

5 A95N2-8 152,390 6 A88N2-7 502,985 
A91N2-4 145, o4o A111N2-6 474,985 
A96N2-10 143,955 A99N2-3 422,590 
A99N2-7 142,415 A111N2-8 413,980 
A91W2-7 134,400 A111W2-9 366,870 
A97W2-10 132,580 A89N2-7 354,165 

Geometric mean 141,700 Geometric mean 4l9,200 

7 A112N2-5 99,995 8 A100N2-10 72,660 
A89N2-6 96,46o A88W2-6 71, 785 
A102N2-3 91,315 A113N2-8 71,575 
A97N2-5 91,315 A111N2-2 65,030 
A96N2-4 91,315 A97W2-2 62,475 
A102N2-1 84,560 A89W2-10 56,455 

Geometric mean 92,368 Geometric mean 66,390 

9 A122N2-1 165,550 10 A122W2-7 137,060 
A107W2-2 165,550 A123N2-9 133,420 
A134N2-2 163,485 A134N2-6 123,620 
A122W2-3 137,220 A132N2-7 117,145 
A134N2-4 124,635 A134N2-9 112,000 
A107W2-3 117,495 AI33N2-6 103, o4o 

Geometric mean 147,500 Geometric mean 120,600 
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TABLE IV.- RESULTS OF VARIABLE-AMPLITUDE FATIGUE TESTS OF 

202U-T3 ALUMINUM-ALLOY SPECIMENS - Continued 

(d) Peak history C 

Program Specimen              Cycles Program Specimen                  Cycles 

1 A91N2-3               100,695 
A101N2-1               95,060 
A91N2-8              93,065 
A105N2-5               92,750 
A96N2-9                 90,825 
A102N2-2+               75,075 

Geometric mean        90,878 

2 A97K2-1                     97,6l5 
A92N2-5                      87,850 
A103N2-1                   83,790 
A92N2-8                      83,265 
A11N2-1                      76,860 
AKA-N2-1                   67,^5 

Geometric mean            82,27^- 

3 A10AN2-1               9^,185 
A108N2-6               82,215 
A102N2-10             8l,305 
A96W2-5               76,i+05 
A95N2-7              65,905 
A115N2-1               65,555 

Geometric mean        76,950 

k A92N2-10                 125,965 
A109N2-7                 118,930 
A90N2-3                 llU,660 
A100N2-1                 113,5^0 
A117N2-8                 112,000 
A93N2-10                 101,605 

Geometric mean           114,200 

5 A10IN2-2             125,930 
A117N2-9             115,080 
A109N2-7             113,890 
A97W2-6             103,110 
A105N2-1             101,78O 
A90N2-2                 96,^25 

Geometric mean      108,900 

6 A113N2-7                 144,900 
A104N2-5                 139,055 
A95N2-1                   136,815 
A99N2-4                    132,790 
A88N2-9                126,385 
A89N2-7                   H4,310 

Geometric mean          129,400 

7 A102N2-2             IO8,710 
A111N2-5             108,6^0 
XLkN2-l               100,135 
A89W2-8                 83,685 
A95N2-6              83,685 
A96N2-3                 78,120 

Geometric mean        93,000 

8 A111N2-7                 100,450 
A101N2-9                   90,230 
A100N2-9                   79,^50 
A97N2-3                 79,450 
A88W2-10                   76,615 
A88N2-8                      Ik,200 

Geometric mean            82,870 

9 A132W2-6            172,060 
A133N2-2             162,5^0 
A98N2-5          159,0^0 
A123N2-10          1^,900 
A92N2-1               139,265 
A93N2-1               12^,880 

Geometric mean      1^9,600 

10 A123N2-6                139,475 
A122N2-8                 12^,915 
A132N2-10               115,780 
A122N2-6                 107,730 
A123W2-7                 106,575 
A122N2-10               100,625 

Geometric mean          115,200 
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TABLE IV.- RESULTS OF VARIABLE-AMPLITUDE FATIGUE TESTS OF 

2024-T3 ALUMINUM-ALLOY SPECIMENS - Concluded 

(e) Peak history D 

Program Specimen Cycles 

1 A129N2-5 160,370 
A9N3-I 160,370 
A125N2-6 157,460 
A127N2-9 150,290 
A7N3-10 139,475 
A13IN2-4 113,050 

Geometric mean 114-5,800 

2 A108N2-5 121,590 
A128N2-2 121,170 
A127N2-U 109,550 
A129N2-10 103,495 
A102N2-6 100,520 
A128N2-7 84,490 

Geometric mean 106,000 

3 A126N2-7 132,685 
A129N2-7 130,305 
A3N3-7 125,895 
A130N2-4 12^,180 
A3N3-8 123,130 
A131N2-2 105,210 

Geometric mean 123,100 
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"The aeronautical and space activities of the United States shall be 
conducted so as to contribute . . . to the expansion of human knowl- 
edge of phenomena in the atmosphere and space. The Administration 
shall provide for the widest practicable and appropriate dissemination 
of information concerning its activities and the results thereof." 

—NATIONAL AERONAUTICS AND SPACE ACT OF 1958 

NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 

TECHNICAL REPORTS: Scientific and technical information considered 
important, complete, and a lasting contribution to existing knowledge. 

TECHNICAL NOTES: Information less broad in scope but nevertheless 
of importance as a contribution to existing knowledge. 

TECHNICAL MEMORANDUMS: Information receiving limited distri- 
bution because of preliminary data, security classification, or other reasons. 

CONTRACTOR REPORTS: Technical information generated in con- 
nection with a NASA contract or grant and released under NASA auspices. 

TECHNICAL TRANSLATIONS: Information published in a foreign 
language considered to merit NASA distribution in English. 

TECHNICAL REPRINTS: Information derived from NASA activities 
and initially published in the form of journal articles. 

SPECIAL PUBLICATIONS: Information derived from or of value to 
NASA activities but not necessarily reporting the results of individual 
NASA-programmed scientific efforts. Publications include conference 
proceedings, monographs, data compilations, handbooks, sourcebooks, 
and special bibliographies. 

Details on the availability of these publications may be obtained from: 

SCIENTIFIC AND TECHNICAL INFORMATION DIVISION 

NATIONAL  AERONAUTICS  AND   SPACE  ADMINISTRATION 

Washington, D.C.    20546 


